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CODED NUCLEIC ACID CARRIERS 

FIELD OF THE INVENTION 

5 The present invention relates generally to coded solid or semi-sofid nucleic acid carriers 
for use in multiplexing solid phase nucleic acid-based reactions. The use of coded carriers 
fecilitates multiplexing due to the ability to deconvolute multiple nucleic acid-based events 
and to correlate these to particular experiments. The present invention further provides a 
method for identifying a nucleic acid molecule having a defined characteristic wittiin a 
10 population of two or more different nucleic acid molecules using coded nucleic acid 
carriers. Altematively, the method of the present invention permits screening for molecules 
which interact with target nucleic acid molecules. The method and the coded carriers of the 
present invention enable hi^ throughput screening of nucleic acid molecules. The method 
may also be automated and/or controlled by computer software. 

15 

BACKGROUND OF THE INVENTION 

Bibliographic details of refermces provided in the subject specification are listed at the end 
of the specification. 

20 

Reference to any prior art in this specification is not, and should not be taken as, an 
acknowledgment or any form of suggestion that this prior art forms part of the common 
general knowledge in any country. 

25 The increasing sophistication of recombinant DNA technology is greatly fecilitating 
research and development in a range of biotechnology-related industries. Of particular 
importance is the develoinnent of solid phase methodologies for a range of nucleic acid- 
based manipulations such as polymerization chain reaction (PGR), hybridization 
interactions and interactions between nucleic acid molecules and chemical or biological 

30 agents. Such techniques are usefiil inter alia for the identification of particular nucleotide 
sequences including polymorphisms such as single nucleotide polymorphisms (SNPs). 




-2- 

Solid phase nucleic add manipulations have involved solid supports such as miciotitre 
wells as well as microparticles. Examples of micsoparticles include microspheres. DNA 
manipulations on microspheres have many advantages. However, the absence of a reliable 
5 and accurate way of multiplexing multiple experiments in a single reaction vessel is a rate 
limiting step in the development of hig^ throughput s^ems based on microsphere 
technology. The potential power of microsphere technology combined wifli light or 
radiation detection systems is enormous in terms of developing high tiiroughput screening 
protocols for nucleic acid molecules. For example, a flow cytometer can read a fluorescent 
10 signal of up to 100,00 microspheres per second. If 500 different experiments could be 
conducted within a single sample of 100,000 microspheres, then this would permit ultra 
high throughput mass screening of nucleic acid sample. 

Whilst present fluorescent signals are useful in screening for fluorescently labeled nucleic 
IS acid molecules immobilized to microspheres, they are not reliable enough to permit the 
required depth of multiplying for high throughput screening. 



There is a need, therefore, to develop methodologies which involve multi-dimensional 
analysis of nucleic acid carriers and products of nucleic acid-based reactions. 



# 

SUMMARY OF THE INVENTION 

Throughout this specification, unless the context requires otherwise, the word '^comprise" 
or variations such as ''comprises" or ''comprising", will be understood to imply the 
5 inclusion of a stated element or integer or group of elements or integ^ but not the 
exclusion of any other elemmt or integer or group of elements or integers. 

The present invention is predicated in part on the use of codes distinctive of a solid or 
semi-solid phase nucleic acid carrier to deconvolute multiplexed nucleic acid-based 
10 reactions occurring on a population of two or more carriers. A carrier in flus context may 
be any solid or semi-solid substrate for nucleic acid molecules. Carriers contemplated 
herein include inter alia microspheres, beads, cubes or ovoids. Preferably, the carrier is a 
microsphere or other microparticle or nanoparticle. 

Consequently, the present invention provides a carrier on which a nucleic acid-based 
reaction may occur wherein the carrier displays a code distinctive of the carrier. A code is 
preferably an attribute incorporated or associated with the carrier. Examples of codes 
include peptides, polypeptides or proteins or other polymers, antibodies or any other 
feature which assists in distinguishing one carrier from another. In a preferred 
embodiment, the code is distinguishable based on mass. In this case, mass spectrometry is 
a convenient means of sorting the carriers. 

The nucleic acid-based reactions generally involve an amplification or polymerization 
reaction and/or hybridization interaction to incorporate a reporter molecule such as a 
25 fluorescent maricer, such as a fluorophore. In addition, nucleic acid-based interactions 
include the binding or association of chemical or biological agents to nucleic acid 
molecules. 

Generally, after incorporation of a fluorophore-labeled nucleic acid into a nucleic acid 
30 molecule immobilized onto a carrier, there is an initial sorting based on the fluorescent 
marker such as by flow cytometry. This is followed by a deconvolution based on the code 
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distinctive of the canier. As indicated above^ preferably, the code is a molecule having a 
distinctive mass. Peptide codes are particularly preferred. In an altanative embodiment, 
labeled chemical agents such as &om a chemical library or biological library are exposed 
to the immobilized nucleic acid molecules. Again, after sorting, the carriers are 
5 deconvoluted based on mass. 

In yet another embodiment, the label on the nucleic acid primer or on the putative nucleic 
acid binding ligand and the code are one and the same molecule. 

10 The nucleic acid molecules are conveniently immobilized to the carrier by any means but 
via a imiversal anchoring system is particularly preferred. 

In use, one aspect of the method of the present invention generally involves:*- 

15 (i) co-conjugating nucleic acid molecules and codes (e.g. pq>tides) to a population of 
carriers such that particular nucleic acid molecules are immobilized to carriers 
having a distinctive code; 

(ii) incorporating fluorescent labels or other labels into the immobilized nucleic acid 
20 molecule via amplification, polymerization and/or hybridization reactions or 

nucleic acid binding agents; 

(iii) conducting a first dimensional sorting of the carriers based on expression of the 
fluorescent or other labels; and 



(iv) conducting a second dimensional sorting of the first dimensionally sorted carriers 
based on the carrier codes. 



25 



In ttiis way, multiple experiments can be conducted on a larger scale. 



30 



In another aspect, flie present invention resides in a method of producing a plurality of 



• • 
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nucleic acid carriers inchiding a population having detectably distinct cani6i:s» comprising 
fhe steps of> 

(a) preparing a plurality of carriers having different codes wherein each code 
is associated with a respective carrier; 

(b) subjecting the nucleic acid molecules to nucleic acid-based reactions to 
enable incorporation of detectable labels into the inunobilized nucleic 
acid molecules; 

(c) identifying carriers having distinctive codes; 

(d) identifying carriers having similar codes; and 



15 



sorting the carriers having distinctive codes Scorn the carriers having non- 
distmctive codes to thereby provide a plurality of carriers including a 
population having detectably distinct codes. 



BRIEF DESCRIFriON OF THE FIGURES 

Ugare 1 is a diagrammatic rqiresentation of a system used to carry out the instructions 
encoded by the storage medium. 

Figure 2 is a diagrammatic representation of a cross-section of a magnetic storage 
medium. 

Figure 3 is a diagrammatic representation of a cross-section of an optically readable data 
storage system. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present mveation provides a carri^ for a nucleic acid molecule which is coded or 
tagged for identification puxposes* It is proposed, therefore, that multiple carriers within a 
5 population of carriers each carry a distinguishable code or carrier. A nucleic acid reaction 
or event associated with any one carrier or group of cani^ can then be grouped or pooled 
based on the code- associated with that particular carrier or groiq) of carriers. 

The term **carrier** is used in its broadest sense to include any particular solid support or 
10 senu-solid support having surface or sub-surface chemistries appropriate for the 
immobilization of nucleic acid molecules and a code. Although the carrier may be any 
suitable size or shq)e» particles and in particular microparticles or nanoparticles or other 
bead-like particles are prefeired. The shape of the particles may be spheres^ cubes, 
rectangular prisms, pyramids, cones, ovoids, sheets or cylinders. Microspheres are 
IS particularly preferred. Generally, the surface chemistry of the particle needs to be 
appropriate for the formation of covalent bonds between the surface and nucleic acid or 
chemical entities. 

The carriers of the present invention have two important attributes:- 

20 

(0 they are coded with a molecule which can distinguish one particular carrier from 
anothei^ and 

(ii) they carry a nucleic acid molecule or a chemical linking moiety capable of 
25 entering into chemical bond formation with a nucleic acid molecule. 

Hie code or tag may be of any particular type such as distinguishable based on size^ 
composition, mass, immunological specificity or spectral characteristics. Codes or tags 
distinguishable based on mass are particulariy preferred in accordance wifli the present 
30 invention. The preferred codes are pqjtides, polypeptides or proteins but any polymer or 
chemical agent may be employed. Furthermore^ the code may be a label or a primer which 
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is incoipoiated into immobilized nucleic acid material or may be the label on a chCTiical or 
biological agent which binds to a target immobilized nucleic acid moleciile. 

Accordingly, the present invention provides a carrier conqprising a nucleic acid molecule 
5 immobilized thereto or a chemical moiety capable of entering into chemical bond 
fomiation with a nucleic acid molecule, which carrier carries means for distinguishing or 
idratifying diat particular carri^ from another carrier. 

More particularly, the present invention contemplates a population of carriers each 
10 conq>rising a nucleic acid molecule immobilized thereon or a chemical moiety capable of 
chemical bond formation with a nucleic acid molecule and wherein each carrier or group 
of carriers within the population cairy means to distinguish individual carriers or group of 
carriers from one another. 

1 S Preferably, the carriers are microparticles or nanoparticles such as microspheres. 

Preferably, the means for identifying or distinguishing the carriers is by flie incorporation 
or immobilization of a polymer or chemical entity having a characteristic mass. A 
chemical moiety includes a nucleic acid molecule to which a second nucleic acid molecule 
20 hybridizes or ligates. 

Referrace to a polymer includes a peptide, polypeptide or protein. Peptide codes are 
particularly preferred due to the ability to generate a population of peptides each having a 
characteristic mass identifiable by mass spectrometry. The present invention extends, 
25 however, to any form of code having a distinctive chemical attribute such as size, mass, 
spectral characteristic, ligand specificity or immunological profile. 

The carriers may comprise any solid material capable of providing a base for nucleic acid* 
based reactions. For example, the carriers may be polymeric siqpports such as polymeric 
30 beads, which are preferably fomied form polystyrene cross-linked with 1-5% 
divinylbenzene. Polymeric beads may also be formed from hexamethylenediamine- 
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polyacr^ resins and related polymeis, poly[N-{2-(4-hydioxyIphenyl)ethyl}] acr^amide 
(i.e. one Q), silica, cellulose beads, polystyrene beads, polyChalomethylstyrene) beads, 
poly(balostyrene beads, poly(acetoxy5tyren6) beads, latex beads, grafted copolymer beads 
such as polyethylene glycol/polystyrene, poious silicates, for example, controlled pore- 
S glass beads, polyaciylamide beads, for example, poly(acryloylsarcosine methyl ester) 
beads, dimethylacrylamide beads optionally ax)ss-linked with N,N'-bis-acrylolyl ethylene 
diamine, glass particles coated with a hydrophobic polymer inclusive of cross-linked 
polystyrene or a fluorinated ethjdene polymar which provides a material having a rigid or 
semi-rigid surface, poly(N-acryloylpyrn>lidine) resins, Wang (trade maxk) resins, Pam 
10 resins, Merrified (trade mark) resins, PAP and SPARE polyamide resins, polyethylene 
fimctionalized with acrylic acid, kieselguhr/polyamide (Pepsyn K), polyHipe (trade mark), 
PS/polydimethylacrylamide copolymers, CPG, PS macrobeads and Tentagel (trade mark), 
PEG-PS/DVB copolymers. 

15 It will also be appreciated that the polymeric beads may be replaced by other suitable 
supports such as pins or chips as is known in the art, e.g. as discussed in Gordon et aL, J. 
Med. Chem. 37(10): 1385-1401, 1994. The beads may also comprise pellets, discs, 
c^illaries, hollow fibres or needles as is known in the art. Reference may also be made to 
hitemational Patent Publication No. WO 93/06121 which describes a broad range of 

20 supports that may constitute carriers for use in Ae present invention. By way of example, 
these carriers may be formed fix>m appropriate materials inclusive of latex, glass, gold or 
other colloidal metal particles and the like. Reference may also be made to International 
Patent Pubfication Nos. WO 95/25737 or WO 97/15390 which disclose examples of 
suitable carriers. 

25 

A plurality of carries according to the invention may be prepared by any suitable meSiod. 
Preferably, when colloidal particles including polymeric and ceramic particles are used as 
carriers, the colloid dispersion of such carrier is stabilized. Exemplary metiiods imparting 
colloidal stabilization are described, for example, in Hunter ('Toundation of Colloid 
30 Science**, Oxford University Press, Melbourne) and Napper C*Polymeric stabilization of 
Colloidal Dispersions**, Academic Press, London). In diis regard, the most widely 
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exploited effect of non-ionic polymers on colloid stability is steric stabilization* in whidi 
stability is imparted by polymer molecules that are absorbed onto, or at^hed to, the 
surfece of the colloid particles. Persons of skill in the ait will recognize that it is possible to 
impart stability by combinations of different stabilization mechanisms, e.g. sur&ce charge 
S on the particles can impact colloidal stability via electrostatic stabilization and an attached 
polyelectrolyte can inqiart stability by a combination of electrostatic and steric 
mechanisms (electrosteric stabilization). A polymer that is in free solution can also 
influence colloid stability. Stabilization by free polymer is well documented (Nepper, 
1983, supra) and is called "dq>letion stabilization'\ 

to 

Steric stabilization of colloid dispersions may be employed- In this regard, steric 
stabilization is widely exploited because is offers several distinct advantages over 
electrostatic stabilization. For exan^ile, one advantage is that aqueous sterically stabilized 
dispersions are comparatively insensitive to the presence of electrolytes because the 

15 dimensions of non-ionic chains vary relatively little with the electrolyte concentratioiL 
This contrasts sharply with the spatial extensions of electrical double layers, which are 
strongly dependent upon the ionic strengA. It is apparent that at ionic strengths greater 
than ca. 10"^ mol dm"\ electrical double layer thickness have shrunk to such an extent that 
the electrostatic r^ulsion may no longer outweigh ttie van der Waals attraction. This 

20 accounts for the coagulation of electrostatically stabilized dispersions on the addition of 
electrolyte. Another advantage is that it is equally effective in both aqueous and non- 
aqueous dispersion media. This contrasts with electrostatic stabilization, which is relatively 
ineffective in non-polar dispersion media. In addition, steric stabilization is equally 
effective at both high and low volume jfractions of the dispersed phase; the high volume 

25 fiaction dispersions displaying relatively low viscosities. Other advantages of sterically 
stabilized dispersions include good freeze-tfaaw stability, which can be a desirable attribute 
in some applications and the ability to be flocculated rev^bly, which is less common 
with electrostatically stabilized dispersions. 

30 The polymeric microparticle can be prepared from a variety of polymerizable monomers 
including styrenes, acrylates and unsaturated chlorides, esters^ acetates, amides and 
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alcoholSy including but not limited to polystyrene (including high density polystyrene 
latexes such as brominated polystyraie), polym^ylme^CTylate and ofhor polyacrylic 
acids, polyacrylonitrile» polyacrylamide, polyacrolein, polydimethylsiloxane, 
polybutadiene, polyisoprene, polyurethane, polyvinylacetate, polyvinyicyhloride, 
5 polyvinylpyridine, polyvinylbenz^choride, polyvinyltoluene, polyvinylidenechloride and 
polydivinylbenzene. The miciopardcles may be prepared firom styrene monomers. Ceramic 
microparticles may be comprised of silica, alumina, titania or any other suitable 
transparent material. Preferably, silica particles are employed. A suitable method of 
making siUca microparticles is described, for example, in "The Colloid Chemistry of Silica 
10 and Silicates" (Cornell University Press) by Ralph K. Def, 1955 and U.S. Patent No. 
5,439,624, the disclosures of which are incorporated herein by reference. 

Microparticles may also be prepared comprising different polymeric materials and/or 
differrat ceramic matmals. For example, such microparticles may comprise a plurality of 

1 S layers of one or more different polymers as, for example, described in Caruso et aL, J. Am. 
Chem. Soc. 120: 8523-8524, 1998. Polymeric particles of this type maybe prepared having 
difierent refractive indices or opacities, which may be used as detectable attributes 
according to the present invention. Altematively, microparticles may comprise a plurality 
of layers, preferably composite multi-layers, of ceramic materials as, for example, 

20 described in van Blaadem et aL, Langmuir 8: 2921-2931, 1992, which is incorporated 
herein by reference. The atomic ratio of different ceramic materials may be used as a 
detectable and/or qxiantifiable attribute of the invention. In this regard, reference may be 
made to U.S. Patent No. 5,439,624, which discloses measurement of Si/Al ratio of 
particles, by wavelength dispersive spectroscopy. 

25 

hi a particularly preferred embodiment, the carrier is a microsphere and the code is a 
peptide. 

Accordingly, another aspect of the present invention provides a population of microspheres 
30 each or a group of which comprises a pq>tide having a characteristic mass and a nucleic 
acid molecule and/or a chemical moiety capable of entering into chemical bond formation 
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with a nucleic acid molecule. 

The coded or labeled carriers may be used in any number of techniques. The following 
description of the use in relation to the identification of a particular nucleotide sequence 
S based on PCR-mediated incorporation of a labeled primer is one of a host of techniques for 
which the mass coded carriers are useful. 

A population of nucleic- acid molecules are immobilized to a carrier either directly or via a 
oligonucleotide or other diemical moiety capable of entering into chemical bond formation 
10 with the nixcleic acid molecule. Generally, there is a population of carriers such as 
microspheres each or a group of which comprises nucleic acid molecules to be assessed. 
Each or a group of carriers is coded with a peptide having a dejSned mass characteristic of 
that particular peptide relative to another carrier or group of carriers. 

IS Although not wishing to limit the invention to any one mode of code identification, the use 
of mass spectrometry to identii^ and/or distinguish the peptide is particularly preferred. 

PGR is conducted using pairs of primers which are generally with a different reporter 
molecule capable of giving a distinguishable signal. The use of fluorophores is particularly 
20 useful in the practice of the present invention. Examples of suitable fluorophores may be 
selected from the list given in Table 1. Other labels include liuninescence and 
phosphorescence as well as infrared dyes. 



Probe 


Ex' (nm) 


Em' (nm) 


Reactive and cooinsated probes 


Hydroxycoumarin 


32S 


386 


Aminocoumari n 


350 


455 


Methoxycoumarin 


360 


410 


Cascade Blue 


. 375; 400 


423 


Lucifer Yellow 


425 


528 


NBD 


466 


539 


R-Phycoerythrin (PE) 


480; 565 


578 


PE-CyS conjugates 


480; 565; 650 


670 


PE-Cy7 conjugates 


480: 565; 743 


767 


APC-Cy7 conjugates 


650; 755 


767 
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J40 


A A C 
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Aiexs r luor 4 


430 


545 


Aiexa i*iuor 4oo 


494 


CI ^7 

517 


Aiexa r luor 


530 


c cc 

555 


Aiexa, r luor j*k) 


55o 


573 


Ajexa r iuor ddd 


55o 


573 


/viexa Jriuor ddo 


57o 


603 


Alexa Fluor 594 


590 


617 


Alexa Fluor 633 


621 


639 


Alexa Fluor 647 


650 


688 


Alexa Fluor 660 


663 


690 


Alexa Fluor 680 


679 


702 


Alexa Fluor 700 


696 


719 


Alexa Fluor 750 


752 


779 


Cy2 


489 


506 


Cy3 


(512); 550 


570; (615) 


Cy3.5 


581 


596; (640) 


Cy5 


(625); 650 


670 


Cy5,5 


675 


694 


cy? 


743 


767 


Nucleic acid probes 


Hoeschst 33342 


343 


483 


DAPI 


345 


455 


Hoechst 33258 


345 


478 


SYTOXBlue 


431 


480 


Chromomycin A3 


445 


575 


Mithramycin 


445 


575 


YOYO-1 


491 


509 


SYTOX Green 


504 


523 


SYTOX Orange 


547 


570 


Ethidium Bormide 


493 


620 


7-AAD 


546 


647 


Acridine Orange 


503 


530/640 
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Probe 


Ex' (nm) 


Em' (nm) 


TOTO-1, TO-PRO-1 


509 


533 


Thiazole Orange 


. 510 


530 


Propidium Iodide (PT) 


536 


617 


TOTO-3, TO-PRO-3 


642 


661 


LDS751 


543; 590 


712; 607 


Cell fanetion probes 


Indo-1 


361/330 


490/405 


Fluo-3 


506 


526 


DCFH 


505 


535 


DHR 


505 


534 


SNARF 


548/579 


587/635 


Fluorescent Frowns 


Y66F 


360 


508 


Y66H 


360 


442 


EBFP 


380 


440 


Wild-type 


396.475 


50, 503 


GFPuv 


385 


508 


EC3T 


434 


477 


Y66W 


436 


485 


S6SA 


471 


504 


S6SC 


479 


507 


S65L 


484 


510 


S65T 


488 


511 


EGFP 


489 


508 


EYFP 


514 


527 


DsRed 


558 


583 


Other probes 


Monochlorobimane 


380 


461 


Calcein 


496 


517 



Ex: Peak excitation wavelength (nm) 
Em: Peak CTiission wavelength (nm) 



5 Any suitable method of analyzing fluorescence emission is CTConqpassed by the presmt 
invention. In this regard, ttie invention contemplates techniques including but not restricted 
to 2-photon and 3-photon time resolved fluorescence spectroscopy as, for example, 
disclosed by Lakowicz et al (BiopHys. X 72: 567, 1997, incorporated herein by reference), 
fluorescence lifetime imaging as, for example, disclosed by Eriksson et aL(Biophys. J. 2: 
10 64, 1993, incoipoiated herein by reference) and fluorescence resonance energy transfer as. 
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for example, disclosed by Youvan et aL {Biotechnology et elia 3: 1-18, 1997). 

Luminesceiice and phosphor^ence may lesult r^ectively from a suitable limiinescent or 
phosphorescent label as is known in the art. Any optical means of identifying such label 
S may be used in this regard. 

Infiared radiation may result fioni a suitable infrared dye. Exemplary infrared dyes that 
may be employed in the invention include but are not limited to those disclosed in Lewis et 
aL (Pyes Pigpu 42(2): 197, 1999), Tawa et aL iMater. Res. Soc. Symp. Proc. 488 

10 [Electrical, Optical and Magnetic Properties of Organic Solid-State Materials IV], 885- 
890), Daneshvar et aL (J. ImmunoL Methods 226(1-2): 119-128, 1999), Rapaport et cd. 
(AppL Phys. Lett. 74(3): 329-331, 1999) and Durig et aL (/ Raman Spectrosc. 24(5): 281- 
285, 1993), which are incorpomted herein by reference. Any suitable infrared 
spectroscopic method may be employed to interrogate the infrared dye. For instance, 

15 fourier transform infrared spectroscopy as, for example, described by Rahman et aL (J. 
Org. Chem. 63: 6196, 1998) may be used in this regard. 

Suitably, electromagnetic scattering may result from diffraction, reflection, polarization or 
refraction of the incident electromagnetic radiation including light and X-rays. In this 

20 regard, the earners may be formed of different materials to provide a set of carriers with 
varying scattering properties such as different refractive indexes as, for example, described 
supra. Any suitable art recognized method of detecting and/or quantifying electromagnetic 
scatter may be employed. In this regard, the invention also contemplates methods 
employing contrast variation in light scattering as, for example, described in van Helden 

25 and Vrij (Journal of Colloidal and Interface Science 76: 419-433, 1980). 

The fluorescence emission may result from excitation of one or more fluorescent markers 
attached to, or contained within, the carrier. In the case of two or more fluorescent markers 
being utilized, the markers may be die same wherein the markers contain varying amounts 
30 of a fluorophore and are, therefore, intensity-differentiated. Alternatively, flie mark^ may 
be different wherein fliey are present in a ratio of 1 :1 or varying ratios. Reference may be 
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made in this regard to Yamashita & al (Eatematioiial Patent Publication No. WO 
95/32425). 

Exemplary fluoiophores which may be used in accordance with the present invention 
5 include those discussed by Dower et ah (International Patent Publication No. WO 
93/06121), Preferably, fluorescent dy^ are enq>loyed. Any suitable fluorescent dye may 
be used for incorporation into the carrier of the invention. For example, reference may be 
made to U.S. Patent Nos. 5,573,909 (Singer et al.) and 5^26,692 (Brinkley et al) which 
describe a plettiora of fluorescent dyes. Reference may also be made to fluorescent dyes 
10 described in U.S. Patent Nos. 5,227,487, 5,274.113, 5,405,975. 5.433,986. 5,442.045, 
5,451.663, 5.453,517, 5,459,276, 5,515,864, 5,648.270 and 5,723,218. 

Multiple assays may be conducted in accordance with the present invention. Each 
experiment comprises particular coded carriers. 

15 

PGR is then conducted which results in incorporation of the reporter molecules. In the case 
of fluorophore reporter molecules, ttiese can be readily identified using FACS sorting via a 
flow cytometer. At this point, ttie products of the nucleic acid reaction are grouped on the 
basis of reporter molecule and not on the basis of the particular family of carriers. This is 
20 accomplished through, for example, mass spectrometry. Individual experiments are then 
identified based on the carrier. 

The present invention provides, therefore, a me&od for identifying a nucleic acid molecule 
immobilized to a carrier and having a defined characteristic fiom a population of two or 
25 more carriers with nucleic acid molecxiles immobilized thereon wherein each carrier 
comprises an identifiable code which identifies the carrier, said method comprising: 

coding each carrier with said identifier code and immobilizing a nucleic acid 
molecule to be labeled via a nucleic acid-based reatction; 

30 

subjecting the coded carriers to a nucleic acid-based reaction to incorporate the 
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di£fereiit labels attributed to pairs of PCR primers; 

sorting ftie coded carriers on the basis of label incoxporated following the nucleic 
acid-based reaction; and 

then identifying carriers on the basis of the code. 



The present invention provides, therefore, a mettiod of producing a plurality of carriers 
including a population of carriers having detectably distinct carriers* The method 
10 includes:- 

(a) preparing a plurality of carriers having different codes wherein each code is 
associated with a respective carrier, 

IS (b) subjecting the nucleic acid molecules to nucleic acid-based reactions to enable 
incorporation of detectable labels into the irrmiobilized nucleic acid molecules; 

(c) identifying carriers having distinctive codes that are detectably and/or quantifiably 
decipherable or resolvable by the detection/quantijScation means; 



(d) identifying carriers having similar to non-distinctive codes; and 



(e) sorting carriers having distinctive codes from the carriers having non-distinctive 
codes to thereby provide a plurality of carriers including a population having 
25 detectably distinct codes. 

As indicated above, the identification steps may be effected by use of any suitable method 
or apparatus for analyzing the detectabl^quantifiable attributes of a carrier. Preferably, 
these steps are effected by flow cjrtometry, ^^ch typically detects optical parameters. For 
30 example, a flow cytometer may be used to determine forward scatter (which is a measure 
of size of a carrier), side scatter (which is sensitive to refractive index and size of a particle 
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[see Shapiro, "Practical flow cytometry"\ 3"* e<L Brisbane, Wiley-Iiss, 1995]) and 
fluorescent emission. 

As is known in the art, flow cytometry is a high throughput technique which involves 
5 rapidly analyzing &e physical and chemical characteristics of cells or other particles as 
they pass through the path of one or more laser beams while suspended in a fluid stream. 
As each cell or particle intercepts the laser beam, the scattered light and fluorescent light 
emitted by each cell or particle is detected and recorded using any suitable tracking 
algorithm as, for example, described hereunder. 

10 

A modem flow cytometer is able to perfonn these tasks iqi to 100,000 cells/particles s"^ 
Through the use of an optical array of filters and dichroic mirrors, difBerent wavelengths of 
fluorescent light can be separated and detected simultaneously, hi addition, a nimiber of 
lasers with dififerent excitation wavelengths may be used. Hence, a variety of fluorophores 
15 can be used to target and examine, for example, intra- and extra-cellular properties of 
individual ceils. The scattered light measurements can also classify an individual carrier's 
size, shs^e, granularity and/or complexity and, hence, belonging to a particular population 
of interest (Shapiro, 1995, supra). 

20 Suitable flow cytometers which may be used in the methods of the presCTt invention 
include those which measure five to nine optical parameters (see Table 2) using a single 
excitation laser, commonly an argon ion air-cooled laser operating at 1 5 mW on its 488 nm 
spectral line. More advanced flow cytometers are capable of tising multiple excitation 
lasere such as a HeNe laser (633 nm) or a HeCd laser (325 nm) m addition to the argon ion 

25 laser (488 or 514 nm). Optical parameters, corresponding to different optically 
detectable/quantifiable attributes, for a carrier, may be measured by a flow cytometer to 
provide a matrix of qualitative and/or quantitative information, providing a code (or 
addressability in a multi-dimensional space) for the carrier. 
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TABLE 2 Exemplary optical parameters which may be measured by a flow cytometer 
and which were used in the present investigation* 



Parameter 


Acronym 


Detection angle form 
incident laser beam 


Wavelength 
(nm^ 


Foiwaid scattered light 


FS 


2-5° 


488' 


Side scattered light 


SS 


90° 


488' 


"Green" fluorescence 


FLl 


90° 


510-540^ 


••Yellow" fluorescence 


FL2 


90° 


560-580^ 


••Red" fluorescence 


FL3 


90° 


>65(f 



5 * using a 488 nm excitation laser 

^ width of bandpass filter 

^ longpass filter 



For example. Biggs et al {Cytometry 36: 36-45, 1999) have constructed an 11-parameter 
10 flow cytometer using three excitation lasers and have demonstrated the use of nine 
distinguishable fluorophores in addition to forward and side scatter measurements for 
puiposes of immunophenotyping (i.e, classifying) cells. The maximum number of 
parameters commercially available currently is 17: forward scatter, side scatter and three 
excitation lasers each with five fluorescence detectors. Whether all of the parameters can 
15 be adequately used depends heavily on the extinction coefBcients, quantum yields and 
amount of spectral overlap between all fluorophores (Malemed et al, "Flow cytometry and 
sorting"^ 2^^ Ed., New York, Wiley-Liss, 1990). However, it will be understood tliat the 
present invention is not restricted to any particular flow cytometer or any particular set of 
parameters. In this regard, the invention also contemplates use in place of a conventional 
20 flow cytometer, a microfebricated flow cytometer as, for example, disclosed by Fu et al 
{Nature Biotechnology 17: 1109-1111, 1999). 

A further advantage of flow cytometry is the ability to physically separate a cell or particle 
of interest ftom a heterogenous population of cells/particles. This is achieved through 
25 electrical or mechanical means by collecting desired cells/particles at a point downstream 
from flie laser beam while undesired cells^articles continue to flow into a waste container. 
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A flow cytometer with this edacity to sort is known as a "fluorescence-activated cell 
sorter"' (FACS)» Accordingly, the step of sorting in the present method of obtaining a 
population of detectably unique carriers may be effected by flow cytometric techniques 
such as by fluorescence activated cell sorting (FACS) although with respect to the present 
S invention, FACS is more accurately "fluorescence activated carrier or solid support 
sorting** (see, for example, "Methods in Cell Biology" Vol 33, Darzynldewica, Z, and 
Crissman, HA., eds.. Academic Press) and Dangl and Heizenberg, J, Immunol Methods 
52: 1-14, 1982, both incorporated herein by ref^armce. 

10 Any suitable algoritimi may be employed to track and/or sort individual detectably unique 
carriers. Preferably, a real-tune algorittun is employed. For example, the real-time 
al^rithm may divide a 'parameter space" into smaller pre-defined grid spaces wherein all 
the grid spaces are registered empty. As carriers from a sample population pass through the 
flow cytometer in a single file, the codes belonging to each carrier will correspond to a 

1 S particular grid space. Two possible outcomes can then occur:- 

(i) if the grid space is registered empty, the carrier is sorted and collected by the flow 
cytometer and the grid space is registered full; or 

20 (ii) if the grid space is already registered full, the carrier is rejected. 

Suitably, the step of sorting is characterized in that the population of detectably distinct 
carriers constitutes at least about 50%, preferably at least about 70%, more preferably at 
least about 90% and more preferably at least about 95% of the plurality of carriers. 

25 

The present invention extends to the use of the coded carriers to detect nucleic acid binding 
chemical or biological agents. In one embodiment, the present invention provides a metibuod 
for detecting a nucleic acid binding agent comprising: 

30 preparing nucleic acid molecules immobilized to a carrier wherein each carrier or 

groiq) of carriers is coded with an identification code; 
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contacting the carrier witti putative nucleic acid-binding ag&ats each labeled with 
a reports molecule; 

S conducting a first dimensional sorting based on the reports molecule of an agent 

if bound to the nucleic acid molecule; and 

then identi^ing the carriers on the basis of ttie code. 

10 There are many different variations to the subject methods including using the reporter 
molecule on a nucleic acid primer or nucleic acid binding agent as the carrier code. 
Furthermore, dividing the subject method into particular steps is not to impose any 
limitation as to the order of steps or the ability to combine two or more steps into a single 
step. For example, the codes may also be used to block ftee nucleic acid-binding sites on 

IS the particles. 

In relation to nucleic acid binding agents identified in accordance with the present 
invention, these extend to rq;>ressors, activators, expression modulators and nucleic acid 
binding agents for use, for example, as nucleic acid labeling reagents. Agents which 
20 activate gene expression or which repress gene expression are particularly preferred. 
General nucleic acid binding agents are also useful for afSnity chromatography and for 
nucleic acid purification. 

The present invention further permits incorporation of the coded carriers with a nucleic 
25 acid anchoring system which facilitates ligase-mediated conjugation of a target nucleic 
acid molecule to tho carrier via a tag oligonucleotide which is conjugated to the carrier via 
a covalent bond between a chemical moiety resident on the carrier and another chemical 
moiety on the tag nucleic acid molecule. 

30 Another aspect of the present invention, therefore, is a tag oligonucleotide anchored to a 
carrier carrying a code distinctive of said carrier. 



I 
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Accordingly, tiie present invention provides a carrier conQ>rising a surface first chemical 
moiety capable of participating in covalent bond formation with a second chemical moiety 
conjugated to a tag oligonucleotide wherein the tag oligonucleotide is a substrate for 
ligase-mediated covalent bonding to a target nucleic acid molecule, said carrier further 
comprising a code distinctive of said carrier. 

The chemical moiety on the surfece of the carrier may be capable of covalent bond 
fomiation witti an amine group, a thiol group or an acryl group. 

Alternatively, the carrier surfece moiety is selected ftom an amine group, a thiol group or 
an acryl group which is capable of covalent bond formation with a chemical moiety such 
as a caiboxyl group on a tag oligonucleotide. 

Accordingly, another aspect of the present invention is directed to a carrier comprising a 
surface first chemical moiety selected team a carboxyl group, an amine groi^), a thiol 
group and an acryl groi^), said first chemical moiety capable of participating in covalent 
bond formation with a second chemical moiety selected fix)m a carboxyl group, an amine 
groi^, a thiol group and an acryl group conjugated to an oligonucleotide with the proviso 
that when the carrier surface moiety is a carboxyl group then the covalent bond forms with 
an amine group, a thiol group or an acryl group, said carrier further comprising a code 
distinctive of said carrier. The present invention extends, however, to chemical moieties 
cq)able of any form of covalent bond formation with any other chemical entity. 

In one preferred embodiment, the chemical moiety on the surface of the carrier is a thiol 
group and such a group is capable of covalent bond formation with a number of chemical 
moieties such as one of an amine group, a thiol group or an acryl group and when the 
carrier chemical moiety is one of an amine group, a thiol group or an acryl group then the 
covalent bond is formed with a carboxyl groiq> on the tag oligonucleotide. 

In a most preferred embodiment, the canier surfece chemical moiety is a thiol group. 
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As indicated above, the canio* is preferably in the form of a solid support such as a 
microspbeFe^ bead, glass, ceramic or plastic slide, a dq)stick or the wall of a vessel such as 
a microtiter well. The form of the solid support is not critical and may vary depending on 
S the appUcation intended However, microspheres such as silica or methacrylate 
microspheres are particularly useful in the practice of the present invention, especially for 
use in suspension arrays or optical fiber arrays. 

The selection of solid siq^ports is convmiently based on ease of manipulation, level of 
1 0 expense, thermal stability and/or stability in aqueous and/or organic solvents. 

In a particularly preferred' embodiment, tiierefore, the present invention is directed to 
microspheres having a carboxylated or thiolated surface capable of participating in 
covalent bond formation with a chemical moiety selected fix>m an amine group, a thiol 
IS group and an acryl group conjugated to a tag oligonucleotide. 

Generally, any number of chemical moieties may be present or exposed on the surface of 
the solid siq)port and these may range fiom a few hundred to several miUion. 

20 hi a particularly preferred embodiment, there are from about 3,000 to about 100,000 
surface chemical moieties potentially involved in covalent bonding per carrier. This is 
particularly the case when the sold support is a microsphere. Conveniently, the 
microsphere comprises from about 4,000 to about 8,000 or more conveniently from about 
5,000 to about 7,000 chemical moieties per bead. 

25 

In relation to one preferred embodiment, flierefore, the present invention provides 
microspheres each comprising from about 3,000 to about 100,000 such as about 4,000 to 
about 8,000 or more particularly about 3,000 to about 5,000 surface carboxyl or thiol 
groups per microsphere. 

30 

The tag oligonucleotide having the chemical moiety capable of covalent bond formation 
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with the canier surface chemical moiety may comprise any nucleotide sequence although 
the nucleotide sequence would generally be known. One particularly useful sequence is an 
RNA polymerase promoter nucleotide sequmce such as the SP6 RNA polymerase 
promoter nucleotide sequence. The benefit of the latter in terms of linking DNA is the 
S ability to generate RNA transcripts. However, any oligonucleotide of known sequence may 
be employed. The term "oligonucleotide'^ is not to be viewed to any limiting extent and 
may comprise from about 10 base pairs (bp) to hundreds of bp. 

It is convenient to ensure that after binding of the tag oli^mucleotide to the carri^ tiiat the 
10 tag oligonucleotide does not exhibit interference with the carrier surface. Consequently, a 
spacer molecule is gmerally included between the chemical moiety and the S* end of the 
tag oligonucleotide. A spacer comprising carbon-based molecules such as having &om 
about C| to about Cioo carbon atoms, naore preferably from about Cio to about C50 and even 
more preferably from about Cis to about C36 is particularly useful. 

15 

The spacer may also be multiple repeats such as 2 x Cig spacers or 3 x C6 spacers. The 
length of the spacer is not critical and may be varied depending on the intended 
application. 

20 Consequently, another aspect of the present invOTtion contemplates an isolated tag 
oligonucleotide cothprising a chemical moiety capable of covalent bond formation with a. 
chemical moiety on the surface of a carrier, said first inentioned chemical moiety 
conjugated to said tag oligonucleotide via a carbon molecule having mCn carbon atoms 
wherein C is a carbon atom, n is the nimiber of carbon atoms and m is the number of 

25 repeats of Cn molecules and is 1 or greater than 1 . 

Generally, n is from about 1 to about 100 and m is preferably 1 or from about 2 to about 
10. 



30 Conveniently, the total number of carbon atoms is Scorn about 20 to about SO. 
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The spacer molecule is conveniently an alkyl, alkenyl or an alkynyl molecule. Preferably, 
the spacer is a linear non-branched hydrocarbon althou^ any other molecule may be 
employed to separate the oligonucleotide from the surface of the solid siq>port. 

. S The S* tag oligonucleotide chemical moiety is conveniently an amine group, a thiol group 
or an acr>d groitp if the carrier sur&ce chemical moiety is an caifooxyl group. Alternatively, 
the 5* chemical moiety is a caiboxyl group and the carrier sur&ce chemical moiety is one 
or more of an amine group, a thiol ffovp and/or an acryl group. Acryl thiol bonds (or 
acryl:thiol bonds) are particularly useM. 

10 

In a most preferred embodiment, the 5' chemical moiety on the tag oligonucleotide is an 
aciyl groiq>. 

In accordance with the above aspect of the present invention, the solid support is 
1 S preferably a microsphere although any solid support may be employed. 

Accordingly, another aspect of the present invention provides a carrier comprising a tag 
oligonucleotide anchored to the surface of said carrier via a covalent bond between a 
chemical moiety on the surface of the carrier and a chemical moiety conjugated to said tag 
20 oligonucleotide via a carbon atom (C) spacer having the structure mCn wherein n is the 
number of carbon atoms from about 1 to about 100 and m is the number of repeats of the 
Cn molecules and is from about 1 to about 10 wherein the carrier turth^ comprises a code 
distinctive of said carrier. 

25 As indicated above, the covalent bond is conveniently a caiboxyl group covalently bonded 
to an amine, thiol or acryl group. Furthermore, the carbon atom containing molecule is 
preferably from about 20 to about SO carbon atoms in length. 

Consequently, another aspect of the present invention comprises an article of manufacture 
30 having the structure:- 



• 
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S — — [X|X2*-Xp] 

wherein: 

5 S is a solid support; 

C is a carbon atom 

n is the number of carbon atoms and is fiom about 1 to about 100; 

m is the ntmiber of repeats of the Cn moieties and is fiom about 1 to about 10; 

and 

1 0 [xiX2 ... x^] is a nucleotide sequence of nucleotides X|X2 . . . Xp wherein each of 

X|X2 ... Xp may be the same or different and the nucleotide length, p, is fiom 5 to about 
200. 

In the above fimnation, the schematic " — " represents a covalent bond such as, fi>r 
1 S example, an amide bond. 

The oligonucleotide sequence, i.e. X1X2 •* • Xp is any known sequence such as the SP6 RNA 
polymerase promoter. The oligonucleotide sequence may also comprise an additional 
nucleotide sequence having, for example, translation start signals, ribosome binding sites 
20 and an initial common triplet 

It is particularly convenient to ensure or to measure successfiil covalent attachment of the 
tag oligonucleotide sequence to the carrier. This can be accomplished by incorporating a 
complementary internally labeleid oligonucleotide sequence. Conveniently, tibie internally 
25 labeled oligonucleotide sequence is complementary to the 5' end of the anchored tag 
oligonucleotide sequence. The internal label may be any suitable label such as 6-FAM at 
its internal or 3' end. The S* end is generally phosphorylated. 

Accordingly, another aspect of the present invration provides a carrio: comprising a tag 
30 oligonucleotide of known sequence anchored thereto via a covalent linkage between a 
chemical moiety on the surface of the canier and a chemical moiety conjugated to the tag 
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oligonucleotide via a molecule of n caibon atoms wherein n is from about 1 to about 100, 
said carrier further comprising a second oligoiiucleotide sequence annealed by base pairing 
to a complementary nucleotide sequence on said first mentioned tag oligonucleotides 
resulting in an overiiang at the 3' end of eitha: the tag oligonucleotide or its 
S complementary oligonucleotide wherein the carrier further comprises a code distinctive of 
said carrier. 

Preferably, the second oligonucleotide sequence comprises a label and is used to measure 
the success or ottierwise of the covalmt anchoring of the first oligonucleotide sequence to 
10 die carrier. 

The prefexred label is 6-FAM. 

Preferably, the first oligonucleotide sequence ovohangs at its 3* end ovet ttie second 
1 S oligonucleotide sequence. 

As indicated above, the second oUgoiiucleotide is labeled and, hence, it becomes a 
convenient assay for the success or otherwise of covalent attachment of the first 
oligonucleotide to the carri^. One skilled in the art will immediately recognize that there 
20 are many variations in order to determine the extent of covalent linkage and that the 
present invention should not be only limited to one particular means. 

The essence of this aspect of the invention is a carrier having a first tag oligonucleotide 
attached thereto via covalent linkage between a first chemical moiety on the siu*&ce of the 

25 carrier (e.g. a caiboxjd group) and a second chemical moiety conjugated to the first 
oligonucleotide via a spacer molecule of length mCn as defined above and a second tag 
oligonucleotide, optionally labeled with a reporter molecule capable of giving an 
identifiable signal, which anneals to complementary nucleotide sequences on the first 
oligonucleotide to provide, in a preferred embodiment, a 3' overhang of the first tag 

30 oligonucleotide and wherein the 5' end of the second tag oligonucleotide is 
phosphorylated. 
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The complementary oligonucleotide to the tag oli^nucleotide is refened to herein as ostag 
or Hie o-tag oligonucleotide. 

S The present invention provides, therefoie, in one embodiment:* 

Q) a carrier such as a microsphere, microchip or the sides of a well in a microtiter 
plate; and 

10 Oi) a tag oligonucleotide having a chCTUcal moiety conjugated to the oligonucleotide 
via a molecule of mCn caibon atoms as described above; 

wherein the chemical moiety on ttie oligonucleotide is in covalent bond formation with a 
chemical moiety on the surface of the carrier; 

15 

(iii) a code distinctive of said carrier. 

The present invention furthCT provides a kit comprising coded carriers for nucleic acid 
molecules. Conveniently, the kit is in compartmental form with a compartment ad^ted to 
20 contain the coded nucleic acid earners. Other compartments may also be included each 
adapted to contain other reagents required for the practice of the method. In an alternative, 
the kit comprises separate compartments for carriers and codes. 

The present invention further contemplates a computer program product for assessing the 
25 codes on individual or groups of carriers, the product comprising:- 

(1) code that receives as iiq>ut values, the code associated with a carrier; 




(2) code that compares said carrier code to provide assessment of the identity of 
30 carriers from a reference database; and 
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(3) a computer readable medium that stores the codes. 

Still another aspect of &e present invention extends to a conq>uter for assessing codes on 
carriers wherein said computer comprises:- 

5 

(1) a machine-readable data storage medium comprising a data storage material 
encoded with machine-readable data, wherein said machine-readable data 
comprise values for the identity of codes on carriers; 

10 (2) a working memory for storing instructions for processing said machine-readable 
data; 

(3) a central-processing unit coupled to said working memory and to said machine- 
readable data stora^ medium, for processing said machine readable data to 

IS compare said values to provide an assessment of the identity of codes from a 

reference database; and 

(4) an output hardware coupled to said central processing unit, for receiving the 
results of the identity of the codes. 

20 

A version of these embodiments is presented in Figure 1, which shows a system 10 
including a computer 11 comprising a cratral processing unit ("CPLT*) 20, a working 
memory 22 which may be, e.g. RAM (random-access memory) or "core" memory, mass 
storage memory 24 (such as one or more disk drives or CD-ROM drives), one or more 
25 cathode-ray tube ("CRT*) display terminals 26, one or more keyboards 28, one or more 
input lines 30, and one or more output lines 40, all of which are intercoimected by a 
conventional bidirectional system bus SO. 

hiput hardware 36, coupled to computer 11 by input lines 30, may be implemented in a 
30 variety of ways. For example, machine-readable data of this invention may be iiqjutted via 
the use of a modem or modems 32 connected by a telqphone line or dedicated data line 34. 
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Altematively or additionally, the input hardware 36 may comprise CD. Alternatively, 
ROM drives or didc drives 24 in conjunction with display terminal 26, keyboard 28 may 
also be used as an ii^iut device. 

Output hardware 46, coupled to con^uter 11 by output lines 40, may similarly be 
implemented by conventional devices. By way of example, ou^ut hardware 46 may 
include CRT display termmal 26 for displaying a synthetic polynucleotide sequence or a 
syntiietic polypeptide sequence as described herein. Output hardware migjit also include a 
printer 42, so that hard copy output may be produced, or a disk drive 24, to store system 
output for later use. 

In operation, CPU 20 coordmates the use of flie various input and output devices 36,46 
coordinates data accesses from mass storage 24 and accesses to and from working memory 
22, and detennines flie sequence of data processmg steps. A number of programs may be 
used to process ttie machine readable data of this invention. Exemplary programs may use 
for example die following steps:- 

(1) iiq)utting input values for carriers based on the identity of the codes; 

(2) assessing including comparing values for said nucleotide; and 

(3) outputting the results of the assessment. 

Generally, or conveniently, the codes are identified by mass andjience, the computer 
product may inferface witii a mass spectrometer. 

Figure 2 shows a cross section of a magnetic data storage medium 100 which can be 
encoded with machine readable data, or set of instructions, for designing a synthetic 
molecule of the invention, which can be carried out by a system such as system 10 of 
Figure 1 . Medium 100 can be a conventional floppy diskette or hard disk, having a suitable 
substrate 101, which may be conventional, and a suitable coating 102, which may be 
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conventional, on one or both sides, containing magnetic domains (not visible) whose 
polarity or orientation can be altered magnetically. Medium 100 may also have an opening 
(not shown) for receiving the spindle of a disk drive or other data storage device 24. The 
magnetic domains of coating 102 of medium 100 are polarized or oriented so as to encode 
5 in manner which may be conventional, machine readable data such as that described 
herein, for execution by a system such as system 10 of Figure 1 . 

Figure 3 shows a cross section of an optically readable data storage medium 110 which 
also can be encoded with such a machine-readable data, or set of instructions, Sar 

10 designing a synthetic molecide of tiie invention, which can be carried out by a system such 
as system 10 of Figure 1. Medium 110 can be a conventional compact disk read only 
memory (CD-ROM) or a rewritable medium such as a magneto-optical disk, which is 
optically readable and magneto-optically writable. Mediimi 100 preferably has a suitable 
substrate 111, which may be conventional, and a suitable coating 112, which may be 

1 S conventional, usually of one side of substrate 111. 

In the case of CD-ROM, as is well known, coating 1 12 is reflective and is impressed witii a 
plurality of pits 113 to encode the machine-readable data. The arrangement of pits is read 
by reflecting laser li^t off the surface of coating 112. A protective coating 114, which 
20 preferably is substantially transparent, is provided on top of coating 1 12. 

The present invention is further described by the following non-limiting Examples. 
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EXAMPLEl 
DeiecUon of single nudeoOde polymorphism 

The Agouti signaling protein is associated with human pigmentation (KanetsI^ et at. Am. 
5 X Hum. Genet. 70: 770-775, 2002), A polymoiphism is detected at genomic position 8818 
A -> G in the 3* untranslated region of the ASJOP gene. Carriage of the G allele was found 
to be associated with dark hair and brown eyes (Kanetsky ei al.^ 2002, sttpra). 

To screen a group of individuals for the polymorphisms, gnomic DNA.is an(q>lified using 
10 primers which flank the 3' untranslated region of the ASIP gene. The amplified DNA is 
then immobilized to niim>sph6res labeled with a peptide code such that a separate code 
exists for each microsphere or group of microspheres carrying DNA fiom a single 
individual. Each separate peptide code is distinguishable on mass grounds. 

15 An amplified reaction is then conducted using competitive primers, one corresponding to 
an A at 8818 and the other corresponding to a G at 8818. Suitable primers are disclosed by 
Kanetsky et al., 2002, supra. The two competitive primers are labeled with difTerent 
fluorophores. 

20 After amplification, an initial sorting using a flow cytometer bins the microspheres on the 
basis of incorporation of the fluorosphore. Mass spectrometry is then used to identify 
individual carriers based on the mass of codes. 

Those skilled in the art will appreciate that the invention described herein is susceptible to 
25 variations and modifications otiier than those specifically described It is to be understood 
that the invention includes all such variations and modifications. The invention also 
includes all of the steps, features, compositions and compounds referred to or indicated in 
this specification, individually or collectively, and any and all combinations of any two or 
moro of said steps or features. 
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ABimiACT 

Hie pr&ent invention relates to a solar tracking device designed to maintain the 
5 optimom orientation of a solar energy collector panel with respect to the sun. 
The tracldng device is powered and related by a combination of both radiant 
and ambient heat. A pressure tig^t, Uqoid filled tobe and a hydraulic cjiinder 
containing an actuator ram is gradually heated by convection from the 
surrounding air as the sun rises in the morning* The liquid contained within the 

10 pressure tight container does not vaporize but expands volumetrically, displacing 
the actuator ram and by simple mechanical coupling, rotates the attached solar 
collector panel at a steady rate until the panel is approximatdy horizontal at 
midday* The fluid is selected for its optimum fliermal expansion properties and 
the volume conteined within the cylinder/tube assembly is calculated to provide 

15 sufficient excess volume when heated to displace the ram outward from the 
cylinder and rotate Hhe pand assembly through approximately 70 degrees by 
convection heating only. The innermost end of the ram has a damper plate fixed 
to it. Liquid is permitted to slowly pass through a small canal maintaining a 
pressure balance in the chambers either side of the damper plate. The hydraulic 

20 pressure provided by the expanding liquid is potentially very high and combined 
with the damper plate^ the system readily handles high wind speeds. As the sun 
passes the midday position the liquid filled tube is progressively^ exposed to 
radiant solar heat and continues to rotate the panel assembly until sunset 
During the evening the enclosed liquid cools and contracts thus permitting a ' 

25 return spring or gravity to rotate the panel assemblty back to the easterly 
position. 
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